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resistor body having a large radius of curvature. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The ceramic heater which is a ceramic heater which has two or more terminals connected to the base 
which consists of substantia-compacta ceramics ; the long and slender resistor laid under the interior of this base, 
and this resistor, and is characterized by the aforementioned resistor crossing in three dimensions inside the 
aforementioned base. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[° 001 ] 

^XllVJU-^Ll ^V^IpllVC*.VlWllJ UllO liivviiuwii ivmivj w uiv vvi^Mimv t* ~ " ~ ~ ^ — X — " — 7 

reduced pressure CVD, plasma etching, an optical etching system, etc. 
[0002] 

[Description of the Prior Art] Conventionally, as a heat source in semiconductor fabrication machines and 
equipment, the so-called stainless steel heater and the thing to depend on an indirect heating method were common. 
However, when these heat sources were used, particle occurred by operation of a halogen system corrosive gas, and 
there was a problem that thermal efficiency was bad. this invention person laid the high-melting point metal wire 
underground in the ceramic disk-like base, created the ceramic heater, and examined making this into the source of 
heating of semiconductor fabrication machines and equipment, such as reduced pressure CVD and plasma CVD. 
Consequently, problems, such as generating of the above-mentioned particle and aggravation of thermal efficiency, 
were solved. 

[0003] The example of a manufacturing process of such a ceramic heater is explained roughly, referring to drawing 
4 . A high-melting point metal wire is wound first, the winding object 23 is acquired, and Terminals 22A and 22B 
are joined to the ends of the winding object 23. On the other hand, ceramic powder is taught to the press-forming 
inside of a plane, and it preforms until it becomes a certain amount of hardness. Under the present circumstances, 
according to a predetermined superficial pattern, a crevice or a slot is established in the front face of a preforming 
object. The winding object 23 is held in this crevice or slot, and it is further filled up with ceramic powder on this. 1 
shaft pressing of the ceramic powder is carried out, a disk-like Plastic solid is created, hotpress sintering of the disk- 
like Plastic solid is carried out, and the disk-like base 1 is obtained. However, in drawin g 4 , in order to show the 
example of a type of the superficial laying-under-the-ground pattern of the winding object 23, the alternate long and 
short dash line showed the disk-like base 1. 

[0004] In such a type of ceramic heater, it is necessary to connect an electric power supply member to the terminals 
22A and 22B laid under the base, to take out this electric power supply member out of semiconductor fabrication 
machines and equipment, and to supply the power of an alternating current or a direct current. It joins together 
mechanically or each terminal and each electric power supply member are joined through a high-melting point 
junction layer, since it is alike occasionally, it carries out and corrosive gases, such as a halogen system corrosive 
gas, are introduced in semiconductor fabrication machines and equipment, in order to protect Terminals 22A and 
22B and each electric power supply member corresponding to these from the corrosive gas in semiconductor 
fabrication machines and equipment, respectively, it is necessary to hold these in the protecting tube Usually, such 
the protecting tube is formed with corrosion-resistant ceramics, and joins each protecting tube to a base 1 airtightly. 
[0005] 

[Problem(s) to be Solved by the Invention] However, since it is difficult for suitable jointing material to be scarce 
and to obtain a bonding strength big enough from that a part for this joint is **(ed) by the elevated temperature 
within semiconductor fabrication machines and equipment, and the material of the protecting tube or a base 1 being 
special material, such as nitride system ceramics, when joining such the protecting tube and a base 1, a very 
complicated junction process is required. And the arrangement pattern of the winding object 23 becomes 
abbreviation spiral shape-like, as it usually sees superficially and is shown in drawing 4 . Therefore, inevitably, if 
one terminal 22A is located in the outermost periphery, other-end child 22B is located in the center. Consequently, 
by part for both a part for the outermost periphery of a base 1, and a center section, about each of Terminals 22 A 
and 22B, the protecting tube was joined to the base 1 and each terminal and the electric power supply member are 
held in the interior of the protecting tube. 

[0006] this invention person examined laying the winding object 13 under the superficial pattern as shown in 
drawing 5 (a) in order to skip the junction process of such the complicated protecting tube. However, in drawing 5 
(a), in order to display a base 1 with an alternate long and short dash line and to make a superficial pattern legible, 
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the winding object 13 was displayed in a straight line for convenience. Terminals 12A and 12B are formed in a part 
for the center section of a base 1, and the edge of the winding object 13 is connected to the terminal, respectively. 
[0007] The whole winding object 13 is mostly arranged to the vertical line in drawing 5 (a) at the axial symmetry. 
Two or more concentric circle-like partial 13a from which a diameter differs mutually is arranged so that an axial 
symmetry may be made, and each concentric circle-like partial 13a which adjoins each other in the diameter 
direction of a concentric circle is connecting by joining segment 13b, respectively. Joining segment 13b of the 
outermost periphery is connected with circular partial 13c carried out about 1 round. Consequently, the terminals 
12A and 12B of the couple in both center sections are connected in series by the winding object 13. Both the 
terminals 12A and 12B can be held in the one protecting tube. 

[0008] However, a total of no less than 180 degrees of winding objects changes the course by joining segment 13b 
of concentric circle-like partial 13a which adjoins each other in the diameter direction as it is such a superficial 
pattern. Consequently, as shown in drawing 5 (b), the curvature of the turn portion 15 becomes large and deforms 
very greatly . Since [ with a spiral metal wire ] it was, and carried out and was fabricated in the shape of a coil. 
es p eciall y the winding object 13 is the turn portion 15. especially the density of this coil becomes extremel y large 
inside. 

[0009] Consequently, while powder does not g o into this portion but pore arises after sinterin g when the windin g 
object 13 is installed in ceramic powder since the pitch of a coil becomes extremely small residual stress is 
produced at the time of sintering. Since it is easy to concentrate heat, the portion of this pore causes an open circuit 
of a hot spot and t he windin g obj ect 13. 

[0010] In the ceramic heater which has two or more terminals connected to the base which consists of nature 
ceramics of precise , the lon g and slender resistor laid under the interior of this base, and this resistor, the technical 
problem of this invention is makin g it pore not occur into this portion, when the curvature of this resistor loses a big 
portion. 
[0011] 

[Means for Sol ving the Problem] The ceramic heater of this invention has two or more terminals connected to the 
base which consists of nature ceramics of precise, the long and slender resistor laid under the interior of this base, 
and this resistor, and is characterized by the resistor crossing in three dimensions inside a base. 
[0012] 

[Function] According to the ceramic heater of this invention, a resistor can be made to cross in three dimensions in 
the superficial pattern of a resistor in the turn portion to which the curvature of a resistor becomes large, without 
converting the direction of a resistor. Thereby, a portion with the big curvature of a resistor can be lost. 
[0013] 

[Example] Drawing 1 is the plan showing the ceramic heater concerning the example of this invention typically. In 
order to make the superficial pattern of a winding object legible, the alternate long and short dash line showed the 
base 1 . This ceramic heater is equipped with periphery side edge child 2A, middle terminal 2B, and center-section 
terminal 2C. Between periphery side edge child 2 A and middle terminal 2B, the winding objects 3 A and 3B of a 
couple connect electrically. The winding objects 3A and 3B cross at the intersection points 4A and 4B. Intersection 
point 4A is in the simultaneously opposite side of terminal 2A, and intersection point 4B is in the simultaneously 
opposite side of intersection point 4A. 

[0014] Between middle terminal 2B and center-section terminal 2C, winding object 3C of a couple and 3D connect 
electrically. Winding object 3C and 3D cross at the intersection points 4C, 4D, 4E, and 4F. The intersection points 
4C and 4E are in the simultaneously opposite side of terminal 2B, and the intersection points 4D and 4F have them 
in the simultaneously opposite side of the intersection points 4E and 4C. 

[0015] In drawing 1 , the winding objects 3 A and 3B are axial symmetries mostly focusing on an almost level 
straight line, and winding object 3C and 3D are axial symmetries mostly. At each intersection point, each winding 
objects may touch and there may be an interval. 

[0016] In this example, a portion with the big curvature of a winding object can be lost by making winding object 
3A, 3B and 3C, and 3D cross respectively in three dimensions. Supposing it does not make each winding object 
cross temporarily, as shown in drawing 5 , the big turn portion 15 of curvature will occur inevitably. 
[0017] Moreover, by the superficial pattern of the conventional example shown in drawing 4 , the superficial 
pattern of the winding object 23 does not become an axial symmetry to any of the X-axis of this flat surface, and a 
Y-axis. On the other hand, according to the superficial pattern of this example shown in drawin g 1 , in drawin g 1 , 
the winding objects 3A and 3B are axial symmetries mostly focusing on an almost level straight line, and winding 
object 3C and 3D are axial symmetries mostly. Therefore, the temperature gradient of each portion in the heating 
surface of a base 1 can be lessened. 

[0018] Moreover, in the semiconductor fabrication machines and equipment which used magnetic fields, such as 
magnetron sputtering, when a magnetic field occurs from a ceramic heater, there is a bad influence. If it is the 
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superficial pattern shown in this point and drawing 1 , since each winding object is an axial symmetry as mentioned 
above, the magnetic field produced from each winding object denies mutually, and suits. That is, even if it supplies 
power to the ceramic heater of this example, a magnetic field does not occur. 

[0019] In order to increase the amount of manufactures in semiconductor fabrication machines and equipment etc. 
recently, enlargement of a heater is progressing. In connection with this, it is necessary to enlarge the overall length 
of the winding object in a ceramic heater. However, if a winding object becomes long, the overall length of a metal 
wire will become long and the total resistance will increase. On the other hand, it depends for the calorific value in 
each portion of a winding object on the resistivity and current in the portion. If the resistance of a winding object 
increases and the size of driver voltage is fixed, the size of current will decrease and predetermined calorific value 
will not be obtained. 

[0020] In order to solve this problem, it is possible to enlarge the diameter of the metal wire which constitutes a 
winding object, to lower the resistance of a winding object, and to increase current. However, since it is a structure 
defect in ceramics when a winding object is seen structurally, if the diameter of the metal wire of a winding object 
is enlarged, the intensity of a base 1 and endurance will become low and the life of a ceramic heater will become 
short. 

[0021] In this point and this example, the winding objects 3A and 3B are connected in parallel, and winding object 
3C and 3D are connected in parallel. Therefore, compared with the case where the winding object is connected in 
series though the length of each winding object is the same, predetermined calorific value can be obtained about the 
winding object of one 4 times the length of this in total using the drive power supply of the same voltage. Thereby, 
it can respond to large area-ization of a ceramic heater. 

[0022] In addition, the winding objects 3 A and 3B may be contacted at the intersection points 4A and 4B, and 
winding object 3C and 3D may be contacted at the intersection points 4C, 4D, 4E, and 4F. In this case, when the 
potential difference is in a winding object at each intersection point, current will occur between the winding objects 
which contacted and the size of current will cross with a top and the down side in drawing 1 . Therefore, you should 
make it the resistance of each winding object to an intersection point become the same. 
[0023] As the quality of the material of a base 1, nitride system ceramics, such as a silicon nitride, sialon, and 
alumimium nitride, are desirable. A silicon nitride and sialon are desirable in respect of a thermal shock resistance, 
alumimium nitride — C1F3 etc. — since resistance is high to a halogen system corrosive gas, it is desirable As a 
refractory metal which constitutes a winding object, it is desirable to use a tungsten, molybdenum, platinum, etc. 
[0024] Hereafter, the example of a trial production of the ceramic heater shown in drawin g 1 is described. Since it 
corresponded to a 8 inch wafer, the diameter of a heater was set to 208mm. Thickness of a heater was set to 15mm. 
The specification of this ceramic heater is shown below. 
[0025] 
[Table 1] 

The specification item of the winding object before laying under the ground An inside zone Combined resistance at 
the time of outside zone parallel connection (room temperature) 0.75ohms The resistance of 1.08-ohm winding 
object 1 bodily crush l.Sohms The overall length of 2.16-ohm winding object (mm) 550 The average diameter of 
783 winding objects (mm) 3.2 The pitch of 3.2 winding objects (mm) 2.0 The number of turns in 2.0 winding 
objects 275391. The overall length of the high-melting point metal wire which constitutes 5 winding objects (mm) 
2820 Diameter of a 4013 high-melting-point metal wire (mm) 0.4 0.4 Resistance room temperature after laying a 
winding object underground 1.4ohms 2.3ohml000degreeC 4.5ohms 6.9ohm Power in 1000 degreeC 2.2kW Current 
in 5.1kW1000 degreeC 22A 27 A [0026] In the above-mentioned specification, since the drive by the AC power 
supply of 200V was required, it set up so that the resistance of each winding object after laying under the ground 
might be set to 7ohms or less at 1000 degrees of maximum service temperatures C, and it set up so that it might be 
set to 2.5ohms or less at a room temperature. Since the length of a winding object becomes double precision, and 
resistance becomes double precision temporarily compared with the case of parallel connection in the case of a 
series connection even if the length of a winding object is the same when periphery side edge child 2 A, middle 
terminal 2B and middle terminal 2B, and center-section terminal 2C are connected in series with a winding object, 
respectively, the resistance of a winding object increases 4 times. This cannot be made to drive in the AC power 
supply of 200V. Especially the drive of an outside zone is difficult. 

[0027] Although the resistance of a winding object is lowered, it is possible to enlarge the pitch of a winding object, 
and to enlarge the diameter of a high-melting point metal wire. However, the calorific value per surface area of a 
winding object is 2 lOOW/mm. If it exceeds, since the endurance of a heater will fall, enlarging a pitch has 
restrictions. Moreover, in order to keep the intensity of ceramics etc. constant, the diameter of a high-melting point 
metal wire needed to be set to 0.8mm or less. 

[0028] In this way, when repeating the heat cycle between 1000 degreeC and a room temperature, after applying a 
heat cycle 400 times about the manufactured ceramic heater, abnormalities, such as an open circuit and a crack, 
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were not seen. For this, it adds to there being no portion with big curvature in a winding object, and the calorific 
value per surface area of a winding object is 2 lOOW/mm. It is because the pitch of a winding object was set up so 
that it might become the following, and the diameter of a high-melting point metal wire was set to 0.8mm or less. 
[0029] Moreover, although the temperature of each point of the heating surface of a base 1 was measured, soaking 
nature with a standard deviation [ C ] of 2.1 degrees was realizable at the average temperature C of 700 degrees. 
Moreover, although the magnetic field was measured about the heating surface (installation side of a semiconductor 
wafer), it was below limit of detection (less than 0.1 mT of flux density) about all the positions of this installation 
side. 

[0030] Terminal 2D and 2E are [ in / the ceramic heater shown in drawing 2 and drawing 3 / both ] in the center 
section of the base 1. The end of winding object 3E is connected to terminal 2E, and the other end of winding object 
3E is connected to a connector 6. However, in drawin g 3 , in the cross section of winding object 3E being shown, 
for convenience, **** showed the high-melting point metal wire, and the shape of a screw type of a high-melting 
point metal wire was seen through, and was shown as circular. 

[003 1] In order for the outermost periphery of winding object 3E to fill up the heat dissipation from the periphery 
section of a base 1 and to prevent the temperature fail of the periphery section, the size of a pitch is one half of other 
portions. A connector 6 and terminal 2D are connected by the abbreviation straight-line-like wire 5, consequently 
terminal 2D and 2E are connected in series. A wire 5 intersects winding object 3E at the intersection points 14A, 
14B, 14C, 14D, 14E, 14F, and 14G. Under the present circumstances, as shown in drawing 3 , it is passed on 
winding object 3E, and a wire 5 and winding object 3E are insulated so that a wire 5 may not contact winding 
object 3E. 

[0032] since terminal 2D and 2E are located in the center section of the base 1 in both these examples ~ a part for 
this center section — accepting it — coming out — an electric power supply — this tie-in point can be managed with 
one place that what is necessary is just to perform connection with the terminal of a member, and protection of a 
terminal therefore It becomes unnecessary and to prepare a portion with big curvature like the winding object 13 
shown in drawing 5 by making the wire 5 and winding object 3E which are a resistor cross in three dimensions. 
[0033] The resistivity of a wire 5 is carrying out to 1/5 or less [ of the resistivity of the high-melting point metal 
wire which constitutes winding object 3E ], and it is desirable to make calorific value in a wire 5 small, and to make 
it not influence the soaking nature in a heating surface. Specifically, it is desirable to make the cross section of a 
wire 5 into 5 or more times of the cross section of a high-melting point metal wire. 

[0034] In each above-mentioned example, various each winding objects and superficial patterns of a wire can be 
changed. For example, each concentric circle-like partial 13a can be connected to each concentric circle-like partial 
13a from which a diameter differs, respectively like drawin g 1 , and the amount of each of these connections can be 
made to cross in the portion of joining segment 13b in drawing 5 . Also in this case, Terminals 12A and 12B are 
connected in series. 
[0035] 

[Effect of the Invention] According to the ceramic heater of this invention, a resistor can be made to cross in three 
dimensions in the superficial pattern of a resistor in the turn portion to which the curvature of a resistor becomes 
large, without converting the direction of a resistor. Thereby, a portion with the big curvature of a resistor can be 
lost. Consequently, ceramic powder does not go into a portion with this big curvature, pore does not arise after 
sintering and an open circuit of the hot spot by pore and a resistor does not arise. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a plan for the superficial pattern of each winding object in the ceramic heater of an example being 
shown. 

[Drawing 2] It is a plan for the superficial pattern of each winding object in the ceramic heater of an example being 
shown. 

[Drawing 3] It is the outline cross section which turned off and looked at the ceramic heater of drawing ^ along 
with the III-III line. 

[Drawing 4] It is a plan for the superficial pattern of the winding object in the conventional ceramic heater being 
shown. 

[Drawing 5] (a) is a plan for the superficial pattern of the winding object in the ceramic heater which this invention 
person examined being shown, and (b) is a ** type view for explaining the state in the turn portion 15. 
[Description of Notations] 

1 Base 2A, 2B, 2C, 2D, 2E, 12 A, 12B, 22A, 22B Terminal 3A, 3B, 3C, 3D, 3E, 13, 23 Winding object 4A, 4B, 4C, 
4D, 4E, 4F, 14A, 14B, 14C, 14D, 14E, 14F, 14G Intersection point 5 Wire 6 Connector 15 Turn portion 
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